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Summary

We have tested the of ravity ender collectively known as
URMEL-3D by studying the tnnmg of the fundaimental mode of
the Advanced Hadron Faality tAHF) booater eavity - Becanse
of computer costs and turnnround time, we hnnted ouselves (o
problem sizes between 30 (00 and 3% O uesh pomnts, which
mepnt we had to ure a simplitied model of the conpling ea-
piciter. Hecause we diel not kuow a priom how to mudel this
cuparitor, we used i1s chape as A parameter to be vaned Ve
generated three different mindels {or the eavity, varving th- de-
tails of the coupling capacitor, and plotted the vasiation of the
fundamental trequency as a funcnon of the perines!nhity of the
ferrite. The three resulting curver had sinular shapes, anid one
of them tit the experimental data.

Nat oniy is this the first time the codes Liave heen nsed
on such a complicated geometry, it is alao the first thne the
coclen have heen used with such high pevmealabities 0 aud
permittivities (¢). Dhe results obtamel with such a relntively
coarse inesh indiente that the codes are working well wid that
they shontld he useful in the desgn of 1f cavities.

URMEL-3D

"RMEL 3D is the subart of the MAFIA (MAxwell's
Eepationn solved by thie Finite Jutegration Algorithim) codes
thnt calculates tie resmant frequencies of of covitien, MAFIA
in the name given to & et of cvles! tended tr uee 1 the
conputer-piled design of three-dunensional magnets, of strue-
tures, and strnetures in wlich wake-field =ilects are nuportam.
The corlen are currently bring developed by a callnbaration he.
tween Loa Alanum Nautional Laboratory, Thomas Werland and
lns group at DELY, and Bernhard Stefien at KFA Julich.

AHF Booster Cavity

The AUF bomter ravity? shown in Fig. 1 in evlindri-
eally sytimetric excepl for the conupling eapacitor and the power
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Fig. 1. Cross sectiom of ATF honster caan

® Ihie wenh wae aggguted by the [tepartinent of Fimrgs

t-irodde. The cavity ix hasienlly & quarter-wave resonator tuned
by the ferrite ring and the solennidal coils shown at the lelt side
of the dreawing. Changing the magnetic ficld also changes the
prerm=ability of the ferrite and. hence, the effective induectanoe
and resonant frequency of the eavity.

Computer Models

Crosn sections of the three compnter movdels need agpe
chown in Figs. 2(al, (b), and (). Computer-generated three-
diniensional plots of these models are shown in Figs. 3ia), (h,
and (c). We can see that the coupling enpacitance inereases
fromn the model iabeled Capacitor | to the one [abeled Capac-
nor d3 The rof windows i, Figs. 2(a) and (h) have ¢ 10, u
I The ferrite in each model has ¢ 13.724, the average value
for the feerite plus bers llium nxide spacers of the actual cavity,
anl an average i ranging from | to 2.1,

Comparison with Experiment

Fignre 4 shows the variation of the fundamental frequency
as a function of u for each of the three models. Figure 5 com-
pares the model labeled Capacitor 2 with expermental dats. In
fact, the fundamental frequency was not imeasured an a function
of it was measured ana function of biascurrent (see Table !,.
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Fig 2n)  Croae aection of Capacitor 1, ane of the thres oo
puter indela ol the AHEF eavity. ‘Fhe vadine ol the wpat copm

or is 0 08T . The dieleetrie of winddow han e 10 and o 1:
the Ierrite lins » LAT2E aned g0 vanging, ltom 1 et 1 The
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Fig 3tht. Three - dimensionai plot of Capacitor 2. Only one-hall
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Fig. 2(h). Cross section of Capacitor 2, one of the three com.
puter models of the AHE cavity. The raains of the inpuot capac.
Hor is .00 m. The diclecteie if window has e - 1O and g 1

]
the fernte has ¢ = 13,724 and 0 ranging from |t 2.1 The I i
cross section 8 taken along the svinmetry plane and is drown : |
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Fig. 3(¢). Three-dimensional pint of Capacitor 3. Only one-half
of the cavity is generafed,
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Fig. 2(r). Cross section of Capacitor 3, one of the three com. n b

puter med=lnof the AHEF cavity. The eadins of the inpnt eapae. ) -~

itor 18 0,09% m, Lhe feevite has ¢ 13,724 and g ranging from - 0}

1 to 2.8 The cross section is taken along the synunetey plane o !
. o}
andl ir drawn to seale.
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Fig. . Plot of comptedd frequency va average perimealulity of
- the fervite reion for the three compnter models of the ANTF
Vig. 3tad. Threee dunensional plot of Capaeitor 1o Only one hilf eavity, Smooth enrves have heen drawn Hhiroagh the computed

of the cav ity s generalel pointa, indicated by the diterent plottiag ssmbols,
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Comparison of caleulations (Capacitar 20wl expen

Fig .
ment. The frequeney of the fndamemtal mode s plonted as a
function of the average peimeabthty of the ferrite rines plos the

bers Hinm oxide spacers,

R. Carlini®* provided the following formulas to convert hias

current to permeability:

a1« %10 If, (1)
H o onn 427y . ], 2)
TADLE I

FUNDAMENTAL FREQUENCY AS A
FUNCTION OF BIAS CURKENT

Binn Current Fundainental Frequency
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where [ is the hias current in amperes, I is the immagnetic field
intensity i amperes ineter, aud u is the permeability of the
ferrite rings. Equation (1) is vahd only in the region above
suturation, and the ferrite region of the computer model is only
ronghly represented. which may acconnt for the fact that the
calenlated curve i1 Fig. 5 deviates from the experimen® 1l points
for higher u's.

Conclusions

Moaodeling a eavity with perineabilities greater than 1, e«
pecially with permittivities as high as 13.724, is a rigorons test
for a cavity cade. The consisten: curves of Fig. 4 and the rea-
sonable agreement with expesimental data in IFig. 5 indicate
that the VRMEL-3D part of the MAFIA cades is working well.
Clearly, more testing needs to be done against experiniental re-
sults, but it appears that the codes are well on their way 1)
heconng an eflective design tool for rf cavities.
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